Objectives: Dolutegravir is a second-generation integrase strand transfer inhibitor (InSTI) that has been recently approved by the FDA to treat antiretroviral therapy-naive as well as treatment-experienced HIV-infected individuals, including those already exposed to the first-generation InSTI. Despite having a different mutational profile, some cross-resistance mutations may influence its susceptibility. The aim of this study was to evaluate the impact of a raltegravir-containing salvage regimen on dolutegravir activity.
Introduction
Dolutegravir (Tivicay w ; GlaxoSmithKline) is a promising, new integrase strand transfer inhibitor (InSTI), recently licensed by the FDA for clinical use in treatment-naive 1 -3 or treatment-experienced subjects, 4 including those exposed to InSTI. 5 In contrast to the firstgeneration integrase inhibitors, dolutegravir has a high genetic barrier, 6 and has been proven effective against strains resistant to raltegravir and elvitegravir. 5 Resistance mutations to dolutegravir are not yet thoroughly established, but some mutations selected in vitro and in vivo by first-generation InSTI were associated with a decrease in dolutegravir susceptibility. 5, 7, 8 Although dolutegravir may be used in raltegravir-experienced patients, drug activity in this situation is expected to be influenced by intraclass cross-resistance that may compromise its potency. In the VIKING-3 study, patients exposed to raltegravir showed a reduced response to dolutegravir when resistance mutations, especially at codon Q148, were present with two or more other mutations (including L74I, E138A/K or G140S/A). 5 We and others 9,10 have documented important raltegravir resistance in two distinct clinical settings. 4 As could be expected, the time of virological failure correlates to resistance accumulation that may impact further the use of the same class of drugs. 9 We evaluated integrase sequences from treatment-experienced patients with advanced disease failing a raltegravir-containing salvage regimen to assess the predicted activity of dolutegravir.
Patients and methods

Patients
Blood samples from 92 HIV-infected patients with confirmed virological failure during the use of a raltegravir-containing regimen (two or more viral loads .50 copies/mL after 6 months of treatment) were included in this study. Samples were collected at clinical sites in Sã o Paulo State from July 2009 to July 2013 and processed in the Retrovirus Laboratory at the Adolfo Lutz Institute.
PCR and genomic sequencing
Sequences were obtained from viral RNA, extracted from plasma using a commercial kit (QIAamp Viral RNA Mini Kit, Qiagen, USA) according to the manufacturer's instructions. Amplification and sequencing of the complete integrase gene was performed as previously described, 9 with an RT-PCR assay using SuperScript w III (Invitrogen, Carlsbad, CA, USA) and Determining genotypic resistance, antiretroviral susceptibility and genotypic susceptibility score (GSS)
The mutations associated with resistance to InSTI were analysed according to the Stanford University HIV Drug Resistance Database algorithm (http://hivdb.stanford.edu/index.html) and the International Antiviral Society -USA (IAS-USA) resistance list.
11 The susceptibility to integrase inhibitors was determined according to the Stanford University HIV Drug Resistance Database algorithm and the five interpretations generated were dichotomized in our analyses as: (i) no resistance, for those with susceptible, potential low-level resistance or low-level resistance prediction; and (ii) resistance, for those with intermediate or high resistance prediction. The GSS of the optimized background therapy (OBT) was calculated at the beginning of the raltegravir-containing regimen (GSS1) from previous genotyping tests, and from a subsequent genotypic test of the same sample used to determine raltegravir resistance, collected during salvage therapy failure (GSS2). The OBT GSS was the sum of each individual drug. Activity was predicted according to the Stanford University HIV Drug Resistance Database algorithm; GSS scores were defined as: susceptible or potential low-level resistance¼1; low-level resistance¼0.50; and intermediate resistance or high resistance ¼ 0. Raltegravir susceptibility was not included in the calculation of the GSS.
Statistical analysis
Data were analysed using STATA statistical software version 13.0 (StataCorp LP, College Station, TX, USA) and GraphPad software (GraphPad Software Inc., La Jolla, CA, USA), using a level of statistical significance of 0.05. 
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Results and discussion
Among the integrase sequences obtained from 92 patients, 32 (35%) showed an important loss of dolutegravir susceptibility (27 with intermediate resistance and 5 with high-level resistance). All patients had advanced disease, with a low CD4 and with most starting raltegravir-containing salvage therapy with a low optimized background genotypic score, after a median of seven previous regimens (Table 1) . Cases with dolutegravir resistance tended to have a decrease in CD4 after initial gain. Moreover, patients with resistance to dolutegravir, as compared with those without resistance, had a higher viral load at the time of collection for genotypic testing (P ¼ 0.011). At genotyping, patients with resistance had viral load values closer to the highest previously documented viral load than those with no resistance (delta viral load of 20.89 versus 21.31, P ¼ 0.033), suggesting some recovery of replicative fitness. Moreover, although not statistically significant, patients with viraemia higher than 1000 copies/mL between 12 and 24 weeks after initiation of treatment with raltegravir tended to show resistance to dolutegravir (P ¼ 0.072). The time of virological failure correlates with the number of mutations (Spearman correlation r ¼ 0.57, P ¼ 0.0036); it was observed in both resistance and susceptible cases and, although longer for those with dolutegravir resistance, the difference from those who were susceptible is not significant. All patients with resistance to dolutegravir had amino acid substitution at position 148 (glutamine to histidine, arginine or lysine). It was almost invariably accompanied by G140S/A, present in 94% (30/32) of cases. Samples from patients who had G140S/A associated with Q148H/R/K had a higher average viral load at the time of genotyping for integrase compared with those without these two mutations (4.26 log 10 versus 3.73 log 10 ; P ¼ 0.012). The mutation G140S/A generally emerges when Q148H/R/K is selected, and its presence has been related to improved viral fitness, 12 which may explain this increase in viral load. We also observed the accessory mutations L74I in 16% (5/32) and E138K/A in 19% (6/32) of these patients. The mutation F121Y was found in a single previously reported case 13 and G118R was not observed. These mutations have been associated in vitro with cross-resistance to all InSTI. 14 A strong association was observed between the presence of mutations G140S/A (P, 0.001) and E138A/K (P, 0.001) and dolutegravir resistance. Accordingly, our study found that the number of secondary mutations is associated with a worse predicted response to dolutegravir (P ¼ 0.006), a prediction that is supported by the clinical observations in the VIKING-3 study, which showed a worse response for patients with two or more resistance-associated mutations, such as G140S/A, L74I and E138A/K. 5 Saladini et al. 15 documented the presence of variants G140S/Q148H in the integrase sequences obtained from patients using a raltegravir-containing regimen, although at a lower rate (17.5%) than found in this study. Our study documents that an important proportion of patients failing a raltegravir-containing regimen in public services in Sã o Paulo, Brazil, have intermediate or high resistance to dolutegravir. Changes in viraemia during virological failure may indicate the evolution of raltegravir resistance and may predict the emergence of secondary mutations that are associated with a decrease in dolutegravir susceptibility. As treatment options for patients with advanced disease are very limited, it is conceivable that prompt discontinuation of raltegravir upon identification of virological failure may favour salvage therapy with dolutegravir, but proper clinical studies are necessary to address this issue. 
